T h e reactions on solid polymer supports have acquired high popularity and have found wide applications in various fields of chemical and life sciences.
Sum~nary and Outlook supported reactions. Conventional polymer supports are not adequate for many potential applications.
We have investigated the efficiency of different polymer supports such as DVH-PS. HDODA-PS and BDDMA-PS resins in the preparation and application of polymer bound ethylenediamine-borane reagent. The polymeric reagent was prepared under mild reaction conditions and from easily available chemicals in a cost effective way. Study of the effect of structural characteristics of the polymer supporl. on the reactivity of the reagent was carried out. The influence of various reaction parameters on the efficiency of polymer bound EDA-borane reagent was also investigated. Polymer bound amine-borane reagents using monofunctional amines were prepared and reduction of aldehydes were performed using these reagents. Polymerisation of the amine-borane reagent on hydrophilic polyacrylamide support was carried 1. out and Investigate its reducing property.
Polystyrene based supports such as DVB-PS, HDODA-PS and BDDMA-PS resins having 2% crosslinking were prepared by the suspension polymerisation of the respective monomers. The resins were characterised by IR and NMR spectroscopic methods and SEM. HDODA-PS copolymers of various crosslink densities were also prepared. 'The resins were functionalised by chloromethylation following Friedel-Crafts method using chloromethyl methyl ether. The chloromethyl resins were characterised by IR Spectra. Higher chlorine capacities were obtained in the cases u t HDOL)A-I'S and BDDMA-F'S resins as compared to DVB-PS resins.
Surn~naly and Outlook
The reaction time for the chloromethylation of DVB-PS copolymer was longer.
The polymer bound EIIA-borane was prepared from the chloromethyl resin by a series of polymer analogous reactions :i.e., amination, conversion of aminated resin to amine hydrochloride and finally reaction with sodium borohydride. The polymer bound EDA-boranes obtained were characterised by IR spectra, which showed H-H stretching band at 2390cm-' and B-N stretching band at 1150cm-I.
The SEM of the polymer bound EDA-borane showed porous structure of the beads. The extent of borane complexation was calculated on the basis of residual amino group capacity of the resin, which was estimated by the picric acid method. The extent of borane complexation was found to be higher in the case of reagents derived from HDODA-PS and BDDMA-PS copolymers when compared to the DVB-polystyrene supported reagent. The borane reagent function available for reduction was determined by treating the polymer bound EDA-borane with excess of 2-nitrobenzaldehyde. The amount of unreacted aldehyde was estimated spectrophotometrically and from this the functional group equivalent of the EDA-borane used for reduction was calculated. The borane reagent function available for reduction was higher in the case of reagents derived from HDODA-PS copolymer. The thermal stability of the polymer bound reagent was studied by thermogravimetric analysis. The reagent was found to be stable up to 3 3 0 '~.
Swelling studies of the DVB-PS, BDDMA-PS and HDODA-PS resins were canied out in a wide range of solvents having different polarity. BDDMA-PS and Sumrnaty and Outlook HDODA-PS resins were found to have higher swelling capacities than the DVB-PS resin. HDODA-PS resins have maximum swelling in dichloromethane.
The extent of solvation was found to decrease with increase in crosslinking.
Swelling studies of the resins at various stages of functionalisation were also done. Functionalisation caused a slight decrease in solvation.
The application of polymer bound EDA-borane reagent was investigated by the reduction of various aldehydes and ketones. The reactions were carried out at room temperature with 2 molar excess of the reagent in DCM. The reduction reactions of ketones with the polymer bound EDA-borane reagents were very slow as compared to that of aldehydes. The aromatic aldehydes with electron withdrawing substituents were reduced at faster reaction rates. The reagent was found to be chemoselective in the reduction of aldehydes in the presence of ketones. The dependence of the reactivity of the polymer bound EDA-borane reagent on the macromolecular characteristics of the polymer support such as nature and extent of crosslinking and solvation was studied.
Increased reactivities were observed in the cases of reagents derived from polystyrene supports with flexible crosslinks. Higher reaction rates were obtained in the cases of HDODA and BDDMA crosslinked polystyrene supported reagents. The reactivity of the polymer bound EDA-borane reagent was found to decrease with increase in crosslinking. The HDODA crosslinked polystyrene with 2 mole percent crosslinking was found to be the most efficient polymer support
Summary and Outlook
The reduct~on of 2-nitrobenzaldehyde with the polymer bound EDAborane reagent was carried out in different solvents. The ideal solvent for the reduction with the reagent was found to be DCM in which maximum reaction rate and yield were obtained. The effect of temperature was studied using the reduction of 2-nitrobenzaldehyde to 2-nitrobenzyl alcohol as the model reaction.
The reaction rate was found to be increased at higher temperature. The effect of concentration of polymeric reagent on the reaction rate was also studied. The optimum ratio of substrate and reagent for maximum conversion was found to be 1:3. The effect of acid catalyst in promoting the reactivity of polymer bound amine-borane reagents was studied in the case of reagents derived from HDODA-PS and DVB-PS resins. In the presence of catalytic amount of glacial acetic acld, the reactlon rates were found to be higher.
Polymer bound amine-borane reagents were prepared using monofunctional amit~es and the effect of nature and structure of amines on the reduction of aldehydes was studied. The polymer bound l o arnine-borane reagent was found to be more reactive than 2' and 3' amine-borane reagents.
The 3' amine-borane reagents have very low reactivity compared to l o and 2' amine-borane reagents.
Attempts were made to prepare the amine-borane reagent on hydrophilic polyacrylamide resin. Polyaclylamide resins with 5 mole percentage NNMBA and HDODA crosslinking agents were used. The resins were functionalised by amino groups by transamidation. The aminated resins were converted to the amine-Sulnlnary and Outlook borane reagent by the same procedures used in the case of polystyrene resins.
The studies showed that the incompatibility of the hydrophilic polyacrylamide resin with organic solvents results in very lesser extent of functionalisation and reactivity I'he studies confirmed that the nature of the polymer support and degree of crosslinking have significant influence on the preparation and reactivity of the polymer bound amine-borane reagents. The effect of solvents on the reactivity of the polymer supported EDA-brane was also found to be significant.
The influence of nature of arnines on the reactivity polymer bound arnine-borane was studied. The role of acid catalyst in promoting the reducing property of polymer bound amine-borane reagent was also investigated. The effect of hydrophilic and hydrophobic nature and solvent compatibility of the polymer support on the efficacy of the reagent was studied. Systematic studies of the preparation and reactivity of polymer bound reagent helps fiuther studies in the fields of polymer reagents and catalysts. The study elucidated the various aspects of polymer supported reactions. Studies of polymer supported molecular rearrangements, oxidising agents and phase l m f e r catalysts are going on in our laboratory. lurther studies along this direction would help the development of polymer supported reagents with increased chelnoselectivity and stereospecificity.
